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SATELLITE COMMUNICATION OPTICAL 
BEAM ACQUISITION TECHNIQUES USING 

A PLURALITY OF SCAN PATTERNS 

BACKGROUND OF THE INVENTION 

This invention relates to satellite communications.and 
more particularly relates to such communications employing 
optical beams, such as laser beams. 

The beams used for space-to-space and space-to-ground 
optical communications have extremely narroW beam 
Widths that require high bandwidth, closed loop control for 
pointing and tracking to maintain adequate signal poWer for 
communications. The beam Widths are so narroW (on the 
order of 1—20 microradians) that methods are needed to 
initially acquire the communications beams from the usual 
0.1—0.3 degree pointing knowledge uncertainty of current 
spacecraft. The acquisition method must be highly robust 
and minimiZe total Weight and poWer requirements for the 
optical communications terminal. 
Beam acquisition methods have been described in the 

past. For example, in columns 9—11 and FIG. 5, US. Pat. 
No. 3,504,182 (PiZZurro et al., issued Mar. 31, 1970) 
describes an acquisition method in Which a ?rst beam of a 
?rst satellite dWells at one point in a ?eld of vieW While a 
second beam of a second satellite scans the entire ?eld of 
vieW. When the beams illuminate their respective satellites, 
the acquisition terminates. 
US. Pat. No. 3,511,998 (Smokler, issued May 12, 1970) 

describes an acquisition method employing sloW oscillatory 
scan motion limited by limit sWitches. Receipt of a second 
beam signal during the sloW scan motion terminates the 
acquisition (Column 11). 
US. Pat. No. 5,060,304 (Solinsky, issued Oct. 22, 1991) 

describes an acquisition method relying on beam re?ection 

(Abstract). 
US. Pat. No. 5,282,073 (Defour, et al., issued Jan. 25, 

1994) describes an acquisition method in Which the Width of 
the beam is altered during acquisition (Columns 5—6). 
US. Pat. No. 5,475,520 (Wissinger, issued Dec. 12, 1995) 

describes an acquisition method in Which multiple transmit 
ted beams are defocused to provide Wide area coverage 
during acquisition (Column 2). 
US. Pat. No. 5,592,320 (Wissinger, issued Jan. 7, 1997) 

describes an acquisition method in Which a beam is modu 
lated With time or location information during the acquisi 
tion (Column 3). 
US. Pat. No. 5,710,652 (Bloom et al., issued Jan. 20, 

1998) describes an acquisition system employing an array of 
a CCD acquisition camera (Column 5). 

Each of these prior methods and systems have limitations 
Which decrease its usefulness. 

BRIEF SUMMARY OF THE INVENTION 

The invention is useful in a communication system 
employing an optical beam suitable for transmission of data 
betWeen a ?rst terminal located on an earth orbiting satellite 
and a second terminal remote from the ?rst terminal. In such 
an application of the invention, the beam is transmitted from 
the ?rst terminal for alignment With a beam receptor located 
on the second terminal. According to a preferred 
embodiment, the beam is ?rst generated. The beam then is 
transmitted toWard the second terminal, preferably by optics. 
During transmission, the beam is scanned over a controlled 
uncertainty region de?ning an outer perimeter beginning at 
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2 
a starting scan point With a ?rst scan pattern and continuing 
at another scan point With a second scan pattern different 
from the ?rst scan pattern. The scanning preferably is 
conducted by a positioning mechanism and a controller. 
By using the foregoing techniques, terminal Weight and 

poWer can be minimiZed and the design of the positioning 
mechanism is simpli?ed, because.the degree of acceleration 
required at the central portion of the scan is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a schematic block diagram of a pair of earth 
orbiting satellites incorporating terminals Which transmit 
and receive optical beams, such as laser beams, Which may 
use the acquisition techniques of the present invention. 

FIG. 1b is a schematic block diagram of an earth orbiting 
satellite and a ground station incorporating terminals Which 
transmit and receive optical beams, such as laser beams, 
Which may use the acquisition techniques of the present 
invention. 

FIG. 2 is a perspective vieW of a housing suitable for 
enclosing one embodiment of the invention. 

FIG. 3 is a general schematic block diagram of one 
embodiment of the invention. 

FIG. 4 is a schematic block diagram of a preferred form 
of an optics module made in accordance With the invention. 

FIG. 5 is a schematic block diagram illustrating one 
embodiment of a beam expansion telescope suitable for use 
With the optics module shoWn in FIG. 4 in Which the 
telescope is rotated 90 degrees from the position shoWn in 
FIG. 4. 

FIG. 6 is a fragmentary perspective vieW of one embodi 
ment of a positioning module for moving the telescope 
shoWn in FIG. 5 and a schematic block diagram of a 
preferred form of control circuitry for controlling the posi 
tioning module shoWn in FIG. 6, the sensors shoWn in FIG. 
4, the point ahead mechanism shoWn in FIG. 4 and the ?ne 
track mechanism shoWn in FIG. 4. 

FIG. 7 is a schematic block diagram of a preferred form 
of servo loops for controlling the positioning module shoWn 
in FIG. 6, the point ahead mechanism shoWn in FIG. 4 and 
the ?ne track mechanism shoWn in FIG. 4. 

FIG. 8 is a How diagram illustrating a preferred form of 
operation of the apparatus shoWn in FIG. 4. 

FIGS. 9—13 are schematic diagrams illustrating the ?elds 
of vieW of an acquisition sensor (e.g., shoWn in FIG. 4) and 
a telescope (e.g., shoWn in FIG. 5) in various modes of 
operation located in different terminals shoWn in FIG. 1. 

FIG. 14 is a diagram illustrating exemplary output vectors 
of a beam transmitted by the apparatus shoWn in FIG. 4 
versus time. 

FIG. 15 is a diagram illustrating exemplary output vectors 
of a beam transmitted by the apparatus, shoWn in FIG. 4 
during an exemplary acquisition process With one of the 
terminals shoWn in FIG. 1 moving at 7.5 kilometers per 
second. 

FIG. 16 is diagrams of the spiral and rosette pattern used 
to transmit a beam by a portion of the apparatus shoWn in 
FIG. 4. 

FIG. 17 is an enlarged vieW of one quadrant of the spiral 
scan shoWn in FIG. 16. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1a, the present invention alloWs optical 
beams used for communication to be aligned With commu 
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nication terminals located on earth-orbiting satellites. The 
alignment process is generally known as acquisition. As 
shoWn in FIG. 1a, earth orbiting satellite 10 carries a 
communication terminal 12 Which includes a telescope 14 
for sending and receiving optical beams 16 and 17. Another 
earth orbiting satellite 20 carries a communication terminal 
22 including a telescope 24 for sending and receiving beams 
16 and 17. Beam 17 is aligned With a beam receptor 25. 
Although the beams 16 and 17 are shoWn separated in FIG. 
1, in fact the beams folloW a common path through tele 
scopes 14 and 24. The beams are transmitted using compli 
mentary frequencies. For example, beam 16 is transmitted at 
1.554 microns and beam 17 is transmitted at 1.546 microns. 
Terminals 12 and 22 provide full duplex operation at 6.75 
Gbps. Beams 16 and 17 are both diffraction limited. They 
are not spread or defocused and are modulated to transmit 
data after acquisition is completed. 

Referring to FIG. 1b, the present invention alloWs optical 
beams used for communication to be aligned With a com 
munication terminal located on an earth-orbiting satellite 
and With a terminal located on a ground station. Ground 
station 26 includes a terminal 28 With a telescope 30 Which 
transmits and receives beams 16 and 17 previously 
described. Each of terminals 12, 22 and 28 is identical. As 
a result, only one such terminal is described in this speci 
?cation. 

Referring to FIGS. 2, 3 and 7, a preferred beam acquisi 
tion system for terminal 12 made in accordance With the 
invention basically comprises an optics subassembly (STS) 
50, a gimbal positioning subassembly (GS) 150, an elec 
tronics control subassembly (AES) 200, a remote electronics 
assembly 250, and pointing and tracking control loops 300. 

Referring to FIG. 5, optic subassembly 50 includes tele 
scope 14 (FIG. 1) Which comprises a protective WindoW 51 
and mirrors 53—55 arranged as shoWn. Telescope 14 is 
coursely positioned using a means knoWn to those skilled in 
the art so that it is pointed in the direction of terminal 22 on 
satellite 20 Within a ?rst region of uncertainty. Telescope 14 
is a silicon carbide, off-axis, three-mirror anastigmat system, 
made of silicon carbides, Which can be assembled Without 
alignment. Silicon carbide systems also are advantageous 
because they inherently have less sensitivity to temperature 
changes than other types of telescopes. WindoW 51 has a 
silicon substrate With a silicon dioxide anti-re?ective coating 
on the exterior surface to protect the interior optical surfaces 
from particulates, micrometeorites, and ion exposure. Win 
doW 51 has a bandpass AR coating Which provides attenu 
ation of solar radiation above 1550 nanometers. Sapphire is 
also an option for the substrate if Warranted by the environ 
mental effects. If sapphire is employed, a silicone substrate 
bandpass ?lter is sandWiched With the sapphire WindoW. An 
especially preferred form of telescope 14 is described in the 
commonly assigned application entitled, “Optical Inter 
Satellite Link (OISL) Gimbal,” application Ser. No. 
09/346052, ?led on Jul. 7, 1999 in the names of Dan R. 
Johnson, Mark A. Carroll and Daniel R. Sherman, Which is 
incorporated by reference. 

Telescope 14 de?nes a ?eld of vieW 56 having a center 
point 57 (FIG. 9), and de?nes a common beam,path 58 for 
beams 16 and 17 (FIG. 1A). Path 58 is centered on center 
point 57 Which de?nes an axis 59 passing through the center 
point and parallel to beam path 58 (FIG. 5). 

Referring to FIG. 4, optics subassembly 50 also includes 
a ?ne track mechanism 60 Which comprises an electromag 
netically driven tWo axis gimbal assembly 62 ?exure 
mounted to a mirror 64 that de?ects optical beams 16 and 17. 
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4 
Mechanism 60 is provided With integral angle sensing and a 
high bandWidth pointing control over plus or minus 0.5 
degrees of mechanical travel. Control signals are transmitted 
over a cable 65. An especially preferred form of mechanism 
60 is described in the commonly assigned application 
entitled “Fine Pointing Assembly Con?guration”, ?led on 
the same date as this application in the names of Ashley, C. 
Danial and Arthur P. BalZ, Which is incorporated by refer 
ence. 

Optic subassembly 50 also includes a dichroic beam 
splitter 66 Which divides the optical path into a transmit path 
68 and a receive path 70. AnarroW band pass ?lter 72 alloWs 
passage of the receive beam and discriminates against the 
transmit beam Which uses a different frequency than the 
receive beam. A track/receive beam splitter 74 diverts about 
10% of the beam in receive path 70 to a track sensor path 76. 
The portion of the beam in path 76 is focused by focusing 
optics 78 (including one or more lenses) on a track sensor 
80. 

Track sensor 80 de?nes a ?eld of vieW 82 located on a 
photo detector comprising four tracking quadrants 
TQ1—TQ4. Both the ?eld of vieW and the tracking quadrants 
de?ne a common center point 84. The photo detector Within 
track sensor 80 is fabricated from InGaAs. Track sensor 80 
is associated With tWo sets of electronics. The ?rst set causes 
a detector to respond to optical pulses of a particular 
temporal nature. In addition, the ?rst set of track sensor 
electronics processes the sum of all four quadrants in the 
photodetector as Well as each quadrant individually. The 
second set of electronics generates track error signals in 
order to keep beams 16 and 17 on track after the acquisition 
phase is completed. 
A particularly preferred form of tracking sensor 80 is 

described in the commonly assigned application entitled 
“Inter-Satellite Optical Link Track Sensor,” application Ser. 
No. 09/301494, ?led on Apr. 28, 1999 in the names of Chie 
W. Poon, Robert C. Carden, and Robert M. Englekirk, Which 
is incorporated by reference. 
The 90% of the receive beam transmitted through beam 

splitter 74 is received by collimation optics 86 Which 
includes one or more lenses or mirrors. Optics 86 focuses a 
portion of the receive path beam on an annular mirror 88 
Which de?nes a central hole 90. A portion of the beam 
transmitted through the central hole is focused on a ?ber 
coupler 92 that transmits the portion of the beam to an 
optical ?ber 93. Coupler 92 and ?ber 93 serve as a beam 
receptor for the beam in receive path 70. Fiber coupler 92 
and ?ber 93 are the eventual recipients of the beam 16 
energy directed toWard terminal 12 by terminal 22. After 
acquisition, communication signal information impressed 
on beam 16 received from terminal 22 is decoded by remote 
electronics assembly 250. The portion of the beam falling on 
annular mirror 88 is re?ected through an acquisition refo 
cusing optics 94 (including one or more lenses or mirrors) 
and is focused onto an acquisition sensor 96. 

Beam splitter 74 and mirror 88 are arranged such that 
about 10% of the beam in receive path 70 is focused on track 
sensor 80, With the remainder of the beam in receive path 70 
focused either on acquisition sensor 96 or the ?ber coupler 
92, depending on the tilt angle of the collimated beam. 
Techniques for focusing an optical beam on a ?ber coupler 
are knoWn to those skilled in the art and are described in US. 

Pat. No. 5,062,150 (SWanson, issued Oct. 29, 1991). Tech 
niques for transmitting and receiving beams and aligning 
them With sensors, a laser-diode and mirror are described in 
US. Pat. No. 5,390,040 (Mayeax, issued Feb. 14, 1995). 
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Acquisition sensor 96 includes a photo detector divided 
into four acquisition quadrants AQ1—AQ4 Which de?ne a 
?eld of vieW 98. Both the ?eld of vieW 98 and the photo 
detector have a common center point 100. Acquisition 
sensor 96 comprises a quadrant detector sensitive to the 
Wavelength used for communication together With electron 
ics that processes the signals from each quadrant designed to 
detect pulses of optical energy of beam 16 With a temporal 
nature to be described later. The acquisition sensor has a 
?eld of vieW suitable for covering the entire ?rst uncertainty 
region, i.e., if the uncertainty region is 025°, the acquisition 
sensor ?eld is 025°. Center point 100 of acquisition sensor 
?eld of vieW 98 is aligned With center point 84 of ?eld of 
vieW 82 of track sensor 80. Similarly, center point 100 of 
?eld of vieW 98 of acquisition sensor 96 is aligned With 
center point 91 of ?ber coupler 92. An especially preferred 
form of acquisition sensor 96 is described in the commonly 
assigned application entitled “Inter-Satellite Optical Link 
Acquisition Sensor,” application Ser. No. 09/301297, ?led 
on Apr. 28, 1999 in the names of Chie W. Poon, Robert C. 
Carden and Robert M. Englekirk, Which is incorporated by 
reference. 

The optics 78, 86 and 94 are designed so that the ?eld of 
vieW of acquisition sensor 98 is about 20 to 50 times larger 
than ?eld of vieW of track sensor 82. Field of vieW 98 is 
substantially the same siZe as ?eld of vieW 56 of telescope 
14. The siZe of ?eld of vieW 98 is controlled by optics 94, 
and the siZe of ?eld of vieW 82 is controlled by optics 78. 

The various outputs from track sensor 80 are transmitted 
over a cable 85 for further processing. Various outputs from 
acquisition sensor 96 are transmitted over a cable 102 for 
further processing. Cables 85 and 102 are combined into a 
cable 103. 

Fine track mechanism 60 is used to simultaneously direct 
the center points 100 and 84 of the ?elds of vieW of the 
acquisition sensor 96 and track sensor 80 and transmit beam 
17 toWard the estimated position of the opposing terminal 
(e.g., terminal 22) as determined by acquisition sensor 96. 

Optics subassembly 50 also includes a point ahead 
mechanism 110 Which is identical to ?ne track mechanism 
60 except for an increased ?eld of regard to accommodate 
the scan angle required for acquisition (driven primarily by 
the 0.1 degree uncertainty in spacecraft attitude and 
position). Point ahead mechanism 110 includes a tWo axis 
gimbal assembly 112 Which moves a mirror 114 through 
about plus or minus 2.25 degrees of mechanical travel. Point 
ahead control signals are transmitted over a cable 113 Which 
is combined With cable 65 to form a cable 115. Point ahead 
mechanism 110 directs transmit beam 17 along transmit path 
68 relative to center point 100 of ?eld of vieW 98 of 
acquisitions sensor 96. 

Point ahead mechanism 110 is designed With suf?cient 
range to alloW the transmit beam 17 to be directed anyWhere 
Within the ?eld of vieW 98 of acquisition sensor 96. This 
range is extended over that normally required for transmit/ 
receive point ahead during tracking and communication. 
Point ahead mechanism 110 has the range, bandWidth, 
resolution, and accuracy required to direct transmit beams 
17 over the acquisition sensor ?eld of vieW 98 in the manner 
to be described later and corrects for the apparent location of 
the opposing terminal, (e.g., terminal 22) due to the oppos 
ing terminal’s velocity and light travel time. An especially 
preferred form of point ahead mechanism 110 is described in 
the commonly assigned application entitled “Fine Pointing 
Assembly Con?guration,” ?led on the same date as this 
application in the names of Ashley C. Danial and Arthur P. 
BalZ Which is incorporated by reference. 
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6 
Included in transmit path 68 is transmit collimation optics 

116 (Which includes one or more lenses) and Which colli 
mates the transmit beam 17 propagated from a transmit 
coupler 118 Which receives the beam over an optical ?ber 
119. The transmit beam 17 is steered differently from the 
receive beam 16 line of sight by the point ahead mechanism 
110 to compensate for beam travel time to a remote terminal, 
such as terminal 22 (FIG. 1A). Point ahead mechanism 110 
also scans beam 17 during the acquisition process. 

Referring to FIG. 6, positioning subassembly 150 com 
prises an elevation drive 152 Which moves telescope 14 
through approximately —3 to +26 degrees of elevation. The 
change in aZimuth of telescope 14 is accomplished by a yoke 
154 Which is driven by an aZimuth drive 156 through 
approximately :80 degrees of aZimuth ?eld regard. 

Positioning subassembly 150 is a tWo-axis gimbal for 
course pointing of telescope 14. Both the elevation and 
aZimuth gimbal axes use permanent magnet brushless 
motors (i.e., drive 152 and drive 156) and a rotary variable 
differential capacitive angle sensor. A particularly preferred 
embodiment of positioning subassembly 150 is shoWn in the 
commonly assigned application entitled, “Optical Inter 
Satellite Link (OISL) Gimbal,” application Ser. No. 
09/346052, ?led on Jul. 7, 1999 in the names of Dan R. 
Johnson, Mark A. Carroll and Daniel R. Sherman Which is 
incorporated by reference. A particularly preferred embodi 
ment of the capacitive angle sensor is described in the 
commonly assigned application entitled “Capacitive 
Resolver,” application Ser. No. 09/310365, ?led on May 12, 
1999 in the names of Dan R. Johnson, Daniel R. Sherman 
and Paul A. Franson Which is incorporated by reference. 

Elevation drive 152 and aZimuth drive 156 are supported 
by an isolator interface ring 158. The ring reduces pointing 
disturbances from satellite 10 (FIG. 1A). Isolator 158 con 
sists of six passively damped spring elements arranged in a 
Stuart Platform con?guration Which provides the same fun 
damental frequency in all six degrees of freedom. The 
isolator spring elements are highly damped using acrylic 
visco-elastic material. Isolator 158 is designed to have a 
10—15 HZ. corner frequency and to provide greater than 10 
decibels attenuation of satellite disturbances at 100 HZ. 

Positioning subassembly 150 also includes an aZimuth 
cable Wrap 160 and a base 162. 

Still referring to FIG. 6, control subassembly 200 com 
prises terminal controller electronics 202 Which performs 
computing functions for the control subassembly. For 
example, electronics 202 provides the command/telemetry 
interface to the satellite payload processor, performs internal 
digital processing for control of ?ne track mechanism 60 and 
point ahead mechanism 110 during the acquisition process, 
and implements control for remote electronics assembly 
250. The internal processing of electronics 202 include 
sensor digitiZation and control for a track loop, and unload 
ing loop, a ?ber alignment loop, and a point-ahead loop, 
along With the required module-to-module communication. 
Electronics 202 also receives poWer on/off commands and 
performs poWer commanding for remote electronics assem 
bly 250. 

Control sub-assembly 200 also includes mechanical drive 
electronics 204 Which provides drive and position control 
functions for ?ne track mechanism 60 and point ahead 
mechanism 110. Electronics 204 also provides analog to 
digital and digital to analog functions as needed. 

Control sub-assembly 200 also includes gimbal drive 
electronics 206 Which provides the drive electronics for 
elevation drive 152 and aZimuth drive 156. 
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Control sub-assembly 200 also includes sensor processing 
electronics 208 Which process the outputs from track sensor 
80 and acquisition sensor 96. 

Control sub-assembly 200 also includes a poWer con 
verter 210 Which supplies separate analog and digital poWer 
to various components of the control sub-assembly 200. The 
various electronics modules of control sub-assembly 200 are 
connected through a conventional back plane 212. 

Referring to FIG. 3, remote electronics assembly 250 
comprises a master oscillator/modulator (Mo/M) 252 Which 
receives a 6.75 Gbps serial data and clock from the satellite 
10 payload on differential lines. After the acquisition phase, 
Mo/M 252 modulates beam 17 With communication data. 
The encoded data modulates the output of a continuous 
Wave master oscillator using a dual-electrode push-pull 
Mach-Zehnder loW-biased to operate as a phase modulator 
using an active control loop. The distributed feedback mas 
ter oscillator laser is Wave length controlled via active 
temperature control to Within the tracking range of the 
optical modulator on the receiver end. The deskeW, 
scrambler/differential encoder, and driver ampli?er for the 
modulator are mounted on the front side of the module. 

Assembly 250 also comprises a transmit ampli?er (TA) 
254 Which boosts the loW-level modulator output to about 
300 milliWatts for transmission. 

Assembly 250 also includes a loW-noise ampli?er (LNA) 
256 Which comprises a loW-noise Er ?ber ampli?er. The 
signal is ?ltered before demodulation and detection. Ampli 
?er 256 also includes a tunable ?lter that closely matches the 
optical bandWidth to the signal bandWidth. The ?lter center 
frequency tracks the optical frequency of the input signal to 
compensate for Doppler shift or master oscillator Wave 
length drift. 

Assembly 250 also comprises a demodulator bit synchro 
niZer (DBS) 258. After the acquisition phase, communica 
tion data in beam 16 is demodulated by the combination of 
an asymmetric Mach-Zehnder interferometer and a balanced 
photo detector/differential transimpedence ampli?er. The 
demodulator splits the optical signal into tWo paths With a 
differential delay of 1-bit. The paths are then recombined to 
form a sum and difference output. When a “Zero” bit is 
transmitted, the phase of the optical carrier is left unchanged 
from the previous bit by the DPSK modulator. Optical 
signals from the tWo paths add constructively on the sum 
output and destructively on the difference output, resulting 
in a positive voltage at the transimpedence ampli?er output. 
When a “one” is transmitted, the phase of the optical carrier 
changes by 180° relative to the previous bit and the opposite 
occurs, resulting in a negative voltage at the transimpedence 
ampli?er output. 

The bit synchroniZation recovers a data clock and detects 
the bits from the loW pass ?ltered analogue Wave form. 
Since the modulation receiver uses a balance detector, no 
threshold control is necessary. The bits synchroniZation 
output is de-scrambled and output on a serial 6.75 Gbps 
differential interface along With the recovered clock. 

Assembly 250 also comprises a poWer converter 260 
Which includes three commercially available converter mod 
ules and ?lters. 

Referring to FIG. 7, pointing and tracking control loops 
300 comprise a track loop 310 including a compensation 
circuit 312 Which provides a signal to a ?ne tracking 
mechanism mechanical loop including a compensation cir 
cuit 314, a torquer circuit 316 and a sensor 318 connected as 
shoWn. The ?ne tracking mechanism mechanical loop con 
trols the operation of ?ne tracking mechanism 60 (FIG. 4). 
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Track loop 310 tracks the angular position of an opposing 
terminal (such as terminal 22) (FIG. 1A)) to maintain 
coupling of the received optical energy into receive ?ber 93 
(FIG. 4), the error signal from the tracking sensor 80 
measurements is used to adjust the ?ne track mechanism 60 
pointing angle. The loop bandWidth is about 300 HZ. 

Control loops 300 also include an unloading loop 340 
(FIG. 7) Which comprises a compensation circuit 342 that 
feeds a signal into a gimbal loop Which includes a compen 
sation circuit 344, a torquer 346 and a sensor 348 connected 
as shoWn. The gimbal loop drives elevation drive 152 and 
aZimuth drive 156 (FIG. 6). The unloading loop transfers the 
?ne track mechanism 60 angular position to elevation drive 
152 and aZimuth drive 156 to keep the ?ne track mechanism 
Within its mechanical range. That is, center point 57 is 
aligned With center points 84 and 100 (FIGS. 9 and 4). 

Control loops 300 also comprise a ?ber alignment loop 
360 (FIG. 7) Which comprises loW noise ampli?er 256 (FIG. 
3) and a compensation circuit 364 Which provides a signal 
to the ?ne track mechanism mechanical loop previously 
described. The output of the ?ne track mechanism alters the 
relationship of the receive beam to receive ?ber coupler 92 
as shoWn in FIG. 7. The ?ber alignment loop is a loW 
bandWidth loop to correct alignment errors betWeen ?ber 
receive coupler 92 and track sensor 80. Fine track mecha 
nism 60 applies a small tilt dither in the receive beam; 
variation in poWer on target telemetry from the remote 
electronics assembly loW noise ampli?er 256 then corrects 
to the track sensor 80 angular bias. 

Control loops 300 also comprise a point ahead loop 370 
(FIG. 7) Which includes a compensation circuit 372 that 
provides a signal to a point ahead mechanism mechanical 
loop that includes a compensation circuit 374, a torquer 376 
and a sensor 378 connected as shoWn. The point ahead 
mechanism mechanical loop controls the operation of point 
ahead mechanism 110 (FIG. 4). The point ahead loop 370 
continually corrects for point ahead misalignment. Initial 
point ahead is based on pointing angles derived from satel 
lite ephemeris. After acquisition, poWer on target measure 
ments from the opposing terminal (e.g., terminal 22, FIG. 
1A) communicated across the optical link in optics assembly 
50 produce corrections to the position of point ahead mecha 
nism 110. Opposing terminals, (e.g., terminals 12 and 22) 
dither at different frequencies (nominally 5 and 7 HZ) so that 
point-ahead error can be distinguished from ?ber alignment 
error. 

The apparatus described in FIGS. 1—7 is operated during 
the acquisition procedure as illustrated in FIG. 8. During an 
initialiZation step performed on satellite 10, the approximate 
position of terminal 22 on satellite 20 is received Within an 
initial uncertainty region. Since satellite 10 knoWs its 
approximate current location, it can anticipate the poWer of 
beam 16 When it is received from terminal 22. 

During step S10, the acquisition logic of terminal 12 in 
satellite 10 is loaded With information on the location in 
space of terminal 22 on satellite 20 Within an initial uncer 
tainty region RU1 (FIGS. 14 and 15), the expected poWer 
level of beam 16 to be received from terminal 22, and data 
base parameters de?ning conditions for transitions betWeen 
acquisition stages. Once this information is loaded, the 
acquisition process is commanded to start by external 
means. No further coordinating messages by external means 
betWeen terminals 12 and 22 are required. 

Each of terminals 12 and 22 directs the center of its 
acquisition sensor (e.g., center point 100) and track sensor 
(e.g., center point 84) toWards the estimated position of the 










